Introduction
We are interested in the distribution, at the individual tumour cell (TC) level, of two genes both associated with a poor prognosis in breast cancer. Using individual cell analysis, what is the correlation between overexpression and gene status of the above two genes and how do these results correlate with the pathologist's evaluation? Urokinase plasminogen activator (uPA) overexpression is associated with a poor prognosis in breast and other carcinomas. The uPA receptor (uPAR) is associated with uPA overexpression and, therefore, with increased tumour aggressiveness, worse disease-free survival and overall survival in breast and other cancers [1] [2] [3] [4] [5] [6] [7] [8] [9] . Very little is known about the regulation of uPAR expression. Its gene resides on the long arm of chromosome 19, encodes a protease of molecular mass 35 kDa, and is linked to the outer surface of the plasma membrane by a glycosyl-phosphatidylinositol anchor. When uPAR interacts with one of its ligands, uPA, plasminogen is cleaved to active plasmin, which degrades several extracellular matrix (ECM) components and also activates many promatrix metalloproteases. As the ECM is the major physical obstacle for cancer cells to penetrate and invade the surrounding tissue, proteolytic degradation of the ECM facilitates migration and penetration through tissue boundaries, resulting in metastasis. In addition, other signalling pathways are activated to induce cellular proliferation, motility, and additional remodelling of the ECM. Therefore, it is important to develop new targeting drugs to inhibit the activation of uPAR by uPA or any other ligand [1] [2] [3] [4] [5] [6] [7] [8] [9] . The other gene, the HER2 proto-oncogene, is amplified in 25% of invasive breast cancers, resulting in a decreased time of disease-free survival and other markers of poor prognosis. Trastuzumab (Herceptin ® ; Genentech, South San Francisco, CA, USA) is a HER2-directed humanised antibody that is effective for the treatment of patients with metastatic or early-stage breast cancer [10] [11] [12] . The methods used for selecting patients for trastuzumab therapy are immunohistochemical (IHC) analysis and gene-based fluorescent in situ hybridisation (FISH) analysis of primary tumours. Retrospective studies have shown that measurement of gene amplification is the best predictive marker of response to trastuzumab-based therapy [13] [14] [15] . Here, we have analysed the uPAR and HER2 gene status in individual TCs from touch preps (TPs) of primary breast carcinomas and also from circulating TCs (CTCs) in patients with advanced recurrent breast carcinoma. One objective was to determine whether the uPAR gene, like HER2, can be amplified. A second objective was to deter-
Results

Characteristics of Individual TCs
Isolated epithelial cells in our slide-based assay can be unambiguously characterised as TCs because of their distinctive immunophenotype, cytomorphology, and, most importantly, the presence of aneusomy [16] [17] [18] (fig. 1A, B) .
Distribution of HER2 and uPAR Gene Status in Individual TCs of HER2+ Patients
The gene status of individual cells of primary tumours and CTCs was divided into 4 subsets: both genes amplified, only one of the genes amplified, or neither amplified. The results of gene amplifications for TCs from 12 HER2 primary tumours (100 TCs per patient) and CTCs from 2 HER2 patients (50 and 100 CTCs per patient) are shown in table 1. As can be seen, there is a marked preference for amplification of both HER2 and uPAR genes to occur in the same TC rather than in separate TCs in HER2-amplified primary tumours, as well as in CTCs from 2 patients with advanced disease. Using linear regression models, both the HER2 copy number ability to predict uPAR copy number and the HER2 ratio predicting uPAR ratio also gave highly significant p-values for each patient. The patients described in 
Correlation of HER2 and uPAR Gene Status between TPs and Primary Tumours
For individual TC analysis of tumour tissue, it is necessary to determine whether the gene status from TPs is concordant with conventional pathological analysis. The results of HER2 gene status using TPs (100 TCs per patient) compared with the pathologist's analysis showed concordance in all 21 patients (100% concordance, with 95% confidence interval (CI) of 84-100%). Moreover, the ratios using TP and conventional pathological analysis were very close in each patient. uPAR gene status using TPs compared with the pathologist's analysis were also concordant in all 7 patients (100% concordance with 95% CI of 59-100%). More patients are required to determine uPAR correlations and how to calculate the uPAR gene status. Nevertheless, it appears that TPs can be used to determine the HER2 and, potentially, the uPAR gene status in patients. In HER2-amplified cases using TPs and CTCs, 92% (23 of 25) were also uPAR gene amplified, whereas in HER2-non-amplified patients, only 3% (1 of 39) were uPAR gene amplified.
Correlation of HER2 Gene Status between CTCs and Primary Tumour
The 
Immunofluorescence Staining and Detection of CTCs
The detection of epithelial cells is accomplished by immunofluorescence (IF) using anti-CK and anti-CD45, as previously described [16] . Slides were examined manually for the presence of epithelial cells using a fluorescent microscope (Axiophot; Zeiss, Jena, Germany). Scanning for CK _ and CD45 _ positive cells was performed with a single bandpass filter for FITC and AlexaFluor 546. To assure that the FITC staining was associated with the correct cell, the same area was evaluated with a dual bandpass filter for FITC-DAPI (DAPI: 4,6-diamidino-2-phenylindole dihydrochloride). The location of each TC on the slide was recorded and stored. An image from each positive cell was acquired to confirm that the same cell was relocated when performing multicolour FISH.
Multicolour FISH
Hybridisation and post-hybridisation procedures were performed according to the manufacturer's instructions (Abbott Molecular, Des Plaines, IL, USA). HER2 FISH was analysed first, and then the TC was reprobed for uPAR. After hybridisation, the cell image from automated relocation and the previously recorded image were visually compared to confirm relocation accuracy. The FISH signals of TCs were evaluated by using specific filters for each fluorochrome. One probe set contained a FISH probe hybridising to a region including the HER2 gene and a probe controlling for chromosome 17 aneusomy (Path-Vysion; Abbott Molecular). The second probe set contained a probe hybridising to a region including the uPAR gene labelled with Spectrum-Orange, and a control probe for measuring chromosome 19 aneusomy labelled with Spectrum-Green. For each relocated cell, an image was recorded to document the results of FISH. The leukocytes on the patients' slides were used as control cells for the hybridisation quality. Gene amplification within a cell was defined as [19] .
analysis of the HER2 gene status of their primary tumour. Their patterns of HER2 distribution were similar to those whose primary tumour was HER2-negative if acquisition of HER2 gene amplification (5 patients) was considered.
Correlation of Expression of HER2 and uPAR with Gene Status in Primary Tumours and CTCs
Twenty-seven TPs (100 TCs per patient) from primary tumours showed a concordance of 100% (95% CI, of 89-100%) between expression and gene status of HER2 (p < 0.001 using exact binomial test). For uPAR, the concordance was 96% (95% CI, 83-100%) if the copy number of chromosome 19 was subtracted from the copy number of uPAR (p < 0.001 using exact binomial test). With regard to CTCs, 10 patients (193 CTCs) exhibited HER2 amplification; 36 patients (670 CTCs) were non-amplified. There was a concordance in 44 of 46 patients between HER2 expression and gene status in the CTCs (96% concordance, 95% CI, 86-99%). For uPAR, the concordance was 92% (95% CI, 65-100%, 11 of 12 patients; p < 0.02 using exact binomial test). The results suggest a significance of uPAR amplification associated with uPAR expression. Therefore, correlation between protein expression and gene status for HER2 and uPAR in patients is very high.
Discussion
The major conclusions from the present study of individual [20] . Expression of HER2 protein in 52 cases using either their primary tumours or CTCs showed a minimum of 96% concordance with HER2 gene amplification determined by the pathologist. Analysis of uPAR and HER2 gene status in TPs of primary breast carcinomas and CTCs of patients with advanced breast carcinomas revealed a marked bias for amplification of both oncogenes in the same TC. The higher the HER2 ratio, the more likely it was to have co-amplification and to have higher levels of uPAR amplification. The likelihood of HER2 and uPAR gene overexpression occurring in the same primary breast cancer by conventional pathological analysis has been reported [21] and is consistent with co-amplification. Co-amplification suggests crosstalk and cooperativity between the HER2 and uPAR signalling pathways. The possible clinical implications of coamplification on the responsiveness of HER2+ patients to trastuzumab require further study.
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